The nucleotide sequences of the VP1-coding regions of several isolates of serotype C3 foot-and-mouth disease virus (FMDV) were determined. The deduced amino acid sequences were compared with those of serotype Cl FMDV. The results provide evidence for two different lineages of FMDV C3 and document the potential for both long-term conservation and rapid evolution of FMDV.
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Foot-and-mouth disease (FMD), economically the most important virus disease of cattle, is enzootic in most South American countries, where hundreds of outbreaks are recorded each year (1, 24) . The causative agent is FMD virus (FMDV), a picornavirus that displays remarkable genetic and antigenic variability (reviewed in references 3 and 24 and in E. Domingo and J. J. Holland, in E. Domingo, J. J. Holland, and P. Ahlquist, ed., RNA Genetics, in press). Capsid protein VP1 includes antigenic determinants able to induce neutralizing antibodies and to protect animals against FMDV infection (4, 5, 19, 31) .
Protection has also resulted from administration of VP1 expressed in bacteria (16) or of synthetic peptides that are copies of the relevant sequences (9, 11, 25) . Two problems have hampered the application of synthetic vaccines: (i) the low immunogenicity of most synthetic vaccine formulations tested to date and (ii) the occurrence of variant viruses in FMDV populations (12, 29) with amino acid substitutions which alter the interaction of FMDV with antibodies (22, 27) . A premise for vaccine design is a knowledge of the amino acid sequences at critical epitopes and, if possible, of the variations they are likely to undergo during FMDV circulation in the field.
Here (20) , and C1 viruses (7, 29 (Fig. 4) , the latter segment being the main epitope involved in the neutralization of FMDV (9, 11, 25, 31 27, 1987 ). Thus, it is possible that the radical substitution S (position 45) to L or R (position 47) to G could contribute to serological differences between C3 Res-55 and C3 Arg-84. This point is under investigation.
Potential for long-term conservation and rapid evolution of FMDV genome segments. A rate of fixation of mutations of 5 X 10-3 substitutions per nucleotide per year was calculated for the two C3 Indaial isolates; this value was in the range found for some time periods in the evolution of FMDV C1 (29) . However, a 10-fold-lower rate was computed for C3 Res-55 and C3 Arg-84. We considered four possibilities to explain the relative conservation of the VP1-coding segment of these two viruses, isolated over a 29-year interval: (i) convergent evolution effected by passage of the viruses in cell culture following their isolation; (ii) accidental reintroduction of vaccine viruses in the field; (iii) persistent infections of cattle as a reservoir of viruses undergoing little variation; and (iv) potential for long-term conservation of genomes as a property of highly heterogeneous RNA viruses. We favor possibility iv for the following reasons. (i) Plaque-purified C3 Res-55 was serially passaged 15 times in BHK-21 cells or primary fetal bovine kidney or testicular cell cultures (Kaplan, Ph.D. thesis). Genomic RNA from each resulting viral population was sequenced at positions 400 to 520; no mutations were found. This result and previous estimates of fixation of mutations upon passage of FMDV in cell cultures (28) suggest that the sequences reported here were not altered in a quantitatively significant manner by the passage history of the viruses. Res-55 and C3 Ind-71 have been used as vaccine strains in Argentina and Brazil, respectively (2), they might have been reintroduced accidentally in the field. It was recently suggested that some FMD outbreaks in Europe had such an accidental onset (8) Fig. 3 and 4 .
Amino acid sequence of VP1 of FMDV C3 viruses deduced from the nucleotide sequence and aligned with the corresponding sequences of FMDV C1 S8 and C1 S15 (29) and C1 0 (7). Parentheses indicate amino acids deduced by the RNA sequencing method; dashes indicate absence of amino acid. Positions 51 and 185 are A and C, respectively, as predicted by cDNA sequencing. Domingo and Holland, in press ). This dual potential for variation or conservation has been experimentally demonstrated for vesicular stomatitis virus, which can be genetically stable in serial dilute passage or made to evolve rapidly in the presence of defective interfering particles (15; Domingo and Holland, in press). Also, despite the documented high variability of human immunodeficiency viruses, remarkable conservation has been found among simian T-cell lymphotropic viruses and human T-cell lymphotropic virus type 4 (17) .
For FMDV, we suggest that the nature and number of amino acid substitutions compatible with a viable virion must be very limited. Note that several amino acid substitutions are shared by a subset of C3 and C1 viruses (Fig. 4,  positions 3 and Holland, in press). Fixation of such simultaneous mutations will thus appear as "sequence jumps," which may explain the different lineages seen in both C3 and C1 viruses (22, 29) . In this respect, it is noteworthy that FMDV C. Res 
